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NATIONALADVISORYCOMMITTEEFOR AERONAUTICS

~’LIGFT IK’VESTIGATICN AT HIG71SPEEDS OF TKE DRAG

OF THEEE AIP@OTLS AND A CIIkUIJARCYLTNDER

REPRESENTIKGFULL-SCALEPROPELLERSHANKS

By WiIli.amH. Barlqw

Testshave been made at high speedsto determine
the drag of models,simulatingpropellershanks,in the
form of a circularcyliriderand threeairfoi1s, the
NACA16-025,the NACA l& Cl!J?5and the NACA 16-040with
the rear 25 percentchordcut off; All themodelshad

1 inchesto conformwith averagea maximumt-hicknessof42
propeller-shankdimensionsand a span of 2? inches~
For the teststhe modelswere supportsdperpendicular
to the lowersurfaceof the wing of an xP-51airplane.
A wake-surveyrakemountedbelowthe wing directly
behindthe modelswas used to determine.profiledrag
at Machnumbersof O.~ to 0.8 overa smallrangeof
angleof attack. The drag of the cylinderwas also
determinedfrompressure-distributionand forcemeasurements.

The resultsof the testsindicatedthat the drag of
the airfoilswas lowerthan that“ofthe cylinderover
the Machnumberrangeinvestigated.The drag raduction
obtainablethroughthe use of theseairfoilsect!onsin
placeof a roundslian’kincraasedwith a decreasein-air-
foil thicknessratioand reachedr.aximumvaluesat a
~~achnm”~erof 0.63f’ortheNACAlA-040 airfoilsand ().71
for the NACA 16-~25airfbil.

INTRODUCTION

Duringrecentyearsthe NationalAdvisoryCor~ittee
for Aeronauticshas conductedinvestigationsfor the
?urposeof increasingthe eff’icie~-cyof propellerson
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airalanes.One of the factorsfoundto increasecon-
siderablythe lossesin ~ropellerefficiencywas the
high drag of round shanksoperatingin-high-velocity
fields. Variousmethodsfcr reducingshankdragwere
tried;amongthesemethodswas the use of cuffsor
propellershankfairings. Flight-testdatafromcuffed
propellerson streamlinebodiesare scarce,and the
availabledatawerenot obtainedin any systematic
mannerso that the relativevalueof the cuffstested
col~ldnot be ascertained.Wind-tunneltestsof thick
airfoilsectionsand cuffedpropellershave not keen
obtainedwith properscale,Machnumber,and shank
reliefeffects. Becauseof the scarcityof dragdata
on thickairfoilso~eratingat high speeds,tp.erefore,
datafor developmentand improvementof propeller
shankswere considereddesirable.A flight-testprcgram
was consequentlybegunat theLangleyLaboratoryof
the NACA in orderto determinefull-scalerelative
dragcharacteristicsof variousshanks&nd shankfairings
underconditionsapproachingthoseof propellershanks
on a streamlinebodyoperatingat high forwardspeeds.
A Preliminaryphaseof thisprogrm consistedof tests
of threethickairfoilmodelsar.da circularcylinder;
thosemodelsweremountedperpendicularto the lower
.?urf’aceof thewing of an XP-51airplane,whichwas
o~eratedat suchspeedsas to givelocalMachnumbers
at themodel stationof from 0.30 to O.~. At the
model stationthe chordwisepressuregradientsdue to
the wing simulatedin somerespectsthe ,gradientsdue
to a propellerspinner. Tip reliefconditionsat a
propellershankarisingfromrapidspanwisedecrease
in bladethicknesswere approximatedby usingmodels
of finiteaspectratio. The resultsof testsof the
threethickairfoilmodelsand the circularcylinder
are givenin tb.epresentpaper. A comparisonof the
s~eedgainsthatmightbe realizedby use of these
thickairfoilsin placeof a roundpropellershankis
presented.

SYMBOLS

~ dynamicpressure,poundsper squarefoot

free-streamstaticpressure,PO poundsper squarefoot

Ay localstaticpressureminusfree-streamstatic
pressure,noundsper squarefoot
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sectionprofiledragof model,poundsper foot
of span

sectionpressuredragof model,poundsper foot
of span

dragof model,pcunds

frontalarea,squarefeet

model thickness,feet

sectionprofile-dragcoefficient (do/’qt)

sectionpressure-dragcoefficient (d/qt)

airplanelift coefficient

flightMach number

effectiveMachnumberat modelstation

The uropeller-shanksectionsselectedfcr the tests
include~a circularcylinderto representa round shank
::~Atfi:Ftrical airfoils,the NACA 16-025antithe

The 25-percent-thickairfoilrepresented
a thin shan~sectionand the 40-percent-thickairfoil,a
thickshanksection. The NACA 16-040airfoilwas Qso
testedwith the rear 25 percentchordcut off. A
photographof threeof themodelstested“ispresented ““
as figure1. G~ometri.ccnaracterfsticsof the~odel$
are givenin figure20 Allmodelswere ot rectangular..
plan form and had a &iclmess of 4* inchesto corre-

spondto averagesb.ankdimensions.The modelshad a
201-inchspan includingthe roundedtip,

‘L whichwas
obtainedby rotatingthe airfoilsection180° about
the chordline. The aspectratiosor themodelswere 9.2,

v 504-,and h05 for the circularcylinder,the
~~~~ 16-025,NACA16-040,and modifiedNACA 16-c4.oair-
foils,respectively,and were basedon the assumption
thatthe wing actedas a reflectionplane.‘b Thesevalues
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of aspectratiomay be high becauseof a smallgap
betweenthe modeland the wing.

The modelsweremountedon a rod perpendicularto
and extendingfrom the lowersurfaceof the left wing
of an XP-51airplane(rig.3). The averageclearance

-%betweenthemodelsand thewing surfacewas ~ inch.
(Seefig.4.) Provisionwas made to rotatethe sup-
portingrod in orderto obtaina changein angleof
attackfrom -60 to 6° for the airfoilsand to rotate
the cylinderthrough2GOc for pressure-distribution
measurements.The supportrod was locatedat approxi-
mately38percentof the chordat the40-percent-
semispanstationand was about3 feet outboardof the
propellerradius.

A wake-surveyrakemounted29 inchesbehindthe
supportrod and 9 inchesbelowthewing surface(figs.,4
and 5] provideddatafor determinationof the prof’ile-
d~agcoefficientof themodelcentiersection. The
distanceof the rake behindthe treilin~edgeof each
modelis shownIn figure5. Directdragmeasurements
on the cylinderwere obtainedby mc,untingthe cylinder
on a supportrod equippedwith electricstraingages.
Pressure-dragdataon the cylinderwere obtainedfrom
pressure-distributionmeasurementsmade by means@f two
orifices1800apartat eachof six equallyspacedspan-
wise stations(fig.6). A completesurveyat each
stationwas obtainedby rotatingthe cylinder200°
duringa testrun.‘ ,

The.localdynamicpressureq and thelocalMach
number,.M usedin ‘evaluatingthe datawere determined
fromfree-st%eamtbtalpr’e~suretie~?uredwith the pitot
tubempuntedahkad‘bfthe’airplanewing and fromlocal
static.pressure’,measured‘withstatic-pressuretubes
locatedon the.~ightwing-atthe samechordwiseand
spanwise”’posititis“ASthoseat whichthemodelswere
locatedon the Ieft”wing..Thesepbessuremeasurements
weremade simult+aneduslywi,thmeasurementsof the drag
of themo”~bls.“;In~he.prbssure-distriktiontestsof
the cylindsrthe stqtic-pressuremeasurementson the
rightwinjg’~were.mdde~with~,~rake of six static-pressure
tubes, with each tubelocktedat a distancebelowthe
wing surf’gcecoyrespbndingto an orificelocationin
the cylinder (fig.6,).For the forcetestsof the
cylinderand thetiralgesur$eys,the staticpressureon
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the rightwingwas measuredwith one static-pressure
t;.lbelocated9 Inchesbelowthe wing surface(fig.7),
whichcorrespondsto station3 in figure6. The
differencebetweenlocalMach numberat vari.o-~sdistances
kelcwthe wing sur~aceand free-streamMachnumberis
presentedin figure6 for severalflig:htMachn.umhers.

In orderto indicatethe magnitudeof the chortwise
variationof staticpressurein the testregion,the
chordwisepressuredistributtonsjas deterr,inedfrom
measure~.entsof staticpressuzzeon the lowersurface
of the wing of anotherX2-51 air~lane,are presentedin
figure9 for an airplaneliftcoefficientof about0.15
and severalflightMaclanur.hers.Staticpre3sures
measuredin the presenttestsat ststion3 (9 in. below
the wing surface)are includedin figure9. Becauseof
the‘decneasein inducedvelocitywith distancefrom the
wing surface,the chordwisegradientsat station3 may
be somewhatless th&nthoseindicatedat the wing surface,.,,..

The an&lar ~ositi~nof themodelswithrespectto
w tineairplaneIongitudin=laxiswas recordedby a mechanical

opticalccntrol-positionrecorder. The yaw angleof the
airplanewas measuredby means of a yaw venemountedon

i a ‘boom1 chordaheadof the rightwing near the tip. The
angleof attackof tb.emodelswas determinedfrom,the
angleof thexnod.elar.dof the airplan-e.Any difference
thatmight existbetweenthe directionof flow over the
wing and tb-edirecticnof flow in the free streamwas
not takenintoacco~t. Air temperatureused in the
determinationof modelReynoldsnumber~~asobtainedby
meansof a low-lagthermometer(fig.7}ccnnectedto a
recordinggalvanorneter.All instrumentationwas,standard
NACA equipment.

The testsweremade at ~ligb.tli8.chnwmbersfrcn.0.3
to 0.7 in 0.05 intervals.Tne correspondingrangeof
localMachnumberat the test stationwas 0.3 to O.El.
Duringeachrun the flightMachnumber,tk.eyaw angle,
and the normalaccelerationwereheld comtant.

RESULTSAND DISCUSSIGN

● ✍

b

An indicationof the extentto whichthe principal
flow conditionsabouta propellershanilwere reproduced
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i.n the present model t9sts may te 5btainet! froxn m
examinationof the variationof Mazh numberwith ~istanco
from the wing surface(fig.d), the chord.wisevariation
of staticpressurein the testregion(J?ig.9) and the
methodused for simulating shankrelief. The variation
cf Uach nurriberwith distar.cefrom the wing slmface
indicatesthatths Nachnumbeudec~easedby about 0.03
in a distanceof about13 inches,whereason ~rl a>tual

7
repellershankof equivalentlengththe l~iachnumber
basedOn the resulte.ntof ti’m.sl~tfo~dand rotational
velocities)wouldincreaseby abo-dt0.1. The effectof
not rep~oducingthe actuai spanwisegradientis not
known● The negativechondwisepressuregradientsover
the forwardpart of’the testi“egionf’ollowedby the
positivegrad~-entsoverthe rem part (fig.9)are similar
to the gradientsabouta spinneron the nose of a typical
in-lineengineinstallation.Cn a propellerthe thinner
sectionadjacentto tb.esk~ankmay influencethe flow over
the shankto someextent. In tke ;>resentInvestigation
thisconditionwas consideredtc be simulated,at least
approximately,by tke use of modelsof finiteaspect
ratio.

The variationwith Machnumbarcf the sectiondrag
coefficientof’the cylinderas determinedfrom forcc-
testand pressure-distributionmeas~mementsis presented
in figure10. The sectionpressur6-dragcoefficient
variedover the spanof tb.ecylinder,aindfor testsin
whichthe data are completeno consistentvariation is
,mted. An average miKdnmm secti.o~~ pressure-drag coeffi-
cientof O.~ is fourid“~etweenvaluesof x of 0.425 and
0.)+75. With furtherincreasein Mach numberthe section
pressure-dragcoefficientincreasedrapidlyto a valueof
about1.0 at a Machnumberof 0.65and thendecreasedat
stillhigherMach numbers. The drag coefficientdetenlined
from forcetestsappearedto be in reasonableagreement
with the pressuredata.

The drag coefficieiltsof the cyli..nderdeteriiined
fromforcetests,wake survs~s,and pressure-di.strilmtion
testsare comparedon the basesof Kach numberand Reynolds
numberin figures11 ai~d12, respectively.In general,
resl!ltsof the wake surveysare not in agreementwith the
resultsof the forceor pressure-distributiontests.Wake-
surveyresultsindicateda lowerminimumdrag coefficients
with drag coefficientincreasingrapidlyat a Mach number
of abcnt%0.425but increasingto a maximumvalueof abo~’.t
1.5 &t a value of K of 0.65.Thismaximumvalueof dra~
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coefficientis about~0 percenthigherthan the value
obtainedby the forceand pressure-distributionmeasure-
ments. No exactexplanationfor thisdiscrepancyhas
beenascertained;however,the oscillatorynatureof
thewake,which is not accountedfor in the momentum
equatior.sused in reductionof wake-surveydata,may be
the causeot thisdifference.Drag data for the airfoil
sectionswere obtainedby the wake-surveymethodand
may thereforebe subjectto this sametypeof error.
Conditionsin the wake of the airfoilat the survey
station,however,,sF.ouldapproachr~orecloselythe con-
ditionsassumedin the wake equationsthanthe conditions
for the wake of the circularcylinder. If the smveys
had beenmade fartherdownstreamof the r.odels,the
effectsof wake osc~l~ationsmighthave beenreducedand
more conservativeresultsobtained. Becauseof the
diff’lcultyof supportinga rake in a more rearward
nosftion,however,surveyscouldnot be made farther
downstream.

The varjationof sectionprofile-dragcoefficient
with angleof attackfor severalMachnumbersis presented
in fi~res 13, 14, and 15 for the KACA16-025,the
NACA16-o~o,and themodifiedNACA 16-040airfoilmodels,
respectivel~.The variationof secttonprofile-drag
coefficientwith Machnumberfor zeroangleof attack,
determinedfrom the datain figures13 to 15, is pre-
sentedas figure16. The sectionprofile-dragcoeffi-
cienthad a minimumvalueof about0.02 at Machnumbers
u.?to 0,63for the NliCA16-025airfoilmodel,a minimum
valueof about0.G4up to a Machnumberof 0.50 for the
NACA 16-c~oairfoilmodel,and a minimumvalueof 0.22
at a Machnumberof 0.65 for the modifiedNACA ~6-c~o
airfoilmodel. The largevaluesof sectionprofile-
drag coefficient,at low Machnumbers,for themodified
XACA 16-040airfoilwere probablyassociatedwith low
Reynoldsnumbers. The Machnumberet whit’hthe section
~rofile-dragcoefficientbeganto increaserapidlywas
0.75 for the ?iACA16-025airfoilm,odeland 0.60 fjw the
NACA 16-040airfoilmodels. At Mach numbersgreater
than0.65 the sectionprofile-dragcoefficientor the
modifiedNACJL16-c40airfoilmodelwas slightlyhigher
thanthe correspondingdrag cce~ficientfor the
NACA 1.6-c~oairfoilmodel.

The variationof the dragof the cylinderand the
airfoilmodelswith Machnumberis presentedin figure17
as a plot of ?2/poA againstMachnumber. Over therange
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of Machnumbertested,the dragof thecylinderwas
higherthanthe dragof anT of the airfoilmodels. The
dragre&uctionobtainedthrGUghuse of the airfoilsin
placeof a cylindricalshankincreasedwith decreasein
airfoilthicknessratio. A smallreductionin dragat
low Machnumbersand a largereductionin dragat high
Machnumberscan be effectedthroughuse of the NACA 1.6-Q40
airfoilwith the rear25 percentchordcut off in placeof
the cylindricalshank. The maximumdragreductionwas
obtainedat a Mach numberof 0.63 for the NACA 16-04.oair-
foilsahd at a Mach numbercf O.Y1for the NACA 16-025
airfoil..

Onthebasisof theresultscf figure 17an estimate
was made of the increasein speedor a present-dayfighter
airplaneoperattngat an altit>~decf ~0,000feet thatr,ay
be obtainedby fairingthe exposedroundshanksof a fcur-
bladepropellerby use of eachof the threeairfcil
sections.The resultsare nresentedirlffgure1~ as the
speedi~.creaseobtainableby a fairingof 1 inchon each
roundshank,altl-.ough,of course,in the actualcase
more of’the propellersha-nkswouldhave to be fairedand
the totalincreasein speedwouldtkereforebe greater
than is shownin figure18. Theseresultsare intended
primarilyto showthe relativeeffectivenessof the
variousfairings. The maximumincreasein”speedobtain-
ableby usingthe NACA 16-040and theY,odiffedNACA 16-0~0
airfoilsectionsas fairingswas estimatedto be 4.0 to
4.5 milesper hcur at a trueairs~eedof 4J0 miles~er
hour. The increasein speedobtainableby usingthe
NACA16-025airfoilsectionWELSgreaterover the speed
rangeconsideredthanthatobtainableby usingthe other
two-airfoilsectionsand had a maximum
6 milesper hour at a trueairspeedof

value~f about
4~0 milesnm?helm..

The resultsof testsof modelssimulatingpropeller
shanksiiqthe forw-of a c-ylincierand threeairfcils-
the NACA16-025,the NAC!A16-c14.o&nd a modifiedNLCA 1.6-040,
eaakhavinga maximumtniclmessequalto the cyli.nd~r
diameter- indicatedthatthe dragof theeairfoilswas
lowerthan thatof the cylinderoverthe Mechnumberrange
investigated(0.3to 0.9). The dragreductionobtairiable
throughtheuse of theseairfoilsectionsin placeof a

.
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roundshankincreasedwith decreasein airfoilthickness
ratioand reachedme.ximumvaluesat a Machnumberof 0.63
for the NliCA16-040airfoilsand 0.71 for the NACA16-025
airfoil.

LangleyMemorialAeronauticalLaboratory
EationalAdvisoryCcmmitteefor Aeronautics

LangleyField,Vs., June7, 1946
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Figure l.- Pro~.eller-shankmodels.
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Figure 2.- Geometriccharacteristicsof propeller-shankmodels.

Span of models, 2C# inches,IncludZngrounded tip.4
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Figure 3.- Wake-surveyrake and s~pport rod for propeller-shank
on lower surfaceof wing of XP-51 airplane,
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(a} Frontview.

.-.

(b) Side view.

Figure 4.- Circularcylindermounted below lower surface
~f wing of XP-51 airplane..

.



.

Y
TICS

Figure5.- Locationof models
surfaceof wing
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and wake-surveyrake below lower
of XP-51 airplane.
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Figure 6.- Circularcylindershowingorificestations.
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NACA TN”No. i129 Fig. 7

Figure 7.- Static-pressure tube and thermometer
mounted below right wing of XP-51 airplane.
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drag coefficientof the circular,cylinder.
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